Tel
Methods, skills and capacity building 24
Funding transdisciplinary research 24
Engaging stakeholders in transdisciplinary research 25
Appendix: Nexus Network publications and funded projects 26 As we look ahead to the many opportunities being created by UK Research and Innovation, the Global Challenges Research Fund and the Industrial Strategy Challenges Fund, the ESRC is keen to draw lessons from across our portfolio of centres, networks and projects. Creative experiments like the Nexus Network can help to inform how we foster and support future waves of innovative, high-impact research. The external drivers are pressing, the funding system is changing, but the need for robust social science, novel methodologies and interdisciplinary analysis of complex systems has never been greater. 
NEXUS BY NUMBERS
With the global population growing at a rate of approximately 80 million people a year, by 2030 it is estimated that the world will need 30% more water, 50% more energy and 50% more food, whilst mitigating and adapting to climate change. This threatens to create a 'perfect storm.' (Sir John Beddington) 1 It takes 13,000 to 15,000 litres of water to produce one kilo of grain-fed beef (International Fund for Agricultural Development) 2 In the UK, the electricity sector is the largest water abstractor, accounting for more than 
DEFINING THE NEXUS
The ESRC defines 'the nexus' as a way of thinking about the interdependencies, tensions and trade-offs between food, water and energy security, in the wider context of environmental change.
Nexus discussions are often dominated by concerns over resource scarcities, and couched in the language of increasing efficiency and enhancing security. But there are many nexuses: in addition to food, energy, water and the environment, we need to understand interactions across other systems, including land, health and cities.
Interdependencies can also be understood at a range of geographical, political and temporal scales. Some are inherently global, such as climate change. Others, such as food security, cut across scales, or are highly localised, such as urban air pollution.
The Nexus Network embraced this plurality, and deliberately avoided a narrow operational definition of the nexus. The concept, in all its fuzziness, has functioned as a helpful convening mechanism for diverse disciplinary and sectoral perspectives. This report summarises what the network has achieved and some of the lessons we learned along the way. We hope it is useful to others seeking to understand, navigate and develop solutions at the nexus.
WHAT DO WE MEAN BY MULTI, INTER & TRANSDISCIPLINARY RESEARCH?
It is increasingly recognised that narrow single disciplinary approaches are ill equipped to address complex, interconnected challenges. But there are various approaches to the involvement of multiple disciplines within research:
A multidisciplinary approach draws upon the strengths or expertise of different disciplines, and more effectively joins up their fi ndings, but leaves disciplinary boundaries (and sometimes hierarchies) intact.
An interdisciplinary approach involves the fuller integration of disciplines, to develop potentially novel ways of approaching research questions, recognising that there is a diversity of ways to understand and address particular problems.
Transdisciplinary research not only integrates expertise from across academic disciplines, but also involves societal stakeholders in the design stage, and throughout the research process. In transdisciplinary research, knowledge can come from beyond formal academic disciplines, and insights are often provided through other kinds of tacit knowledge -as held by local communities, businesses, social movements or practitioners.
Nexus Network activities and projects have included all three of these types of crossdisciplinary collaboration, with a particular emphasis on transdisciplinary processes. • Hosted and facilitated numerous events, providing spaces for engagement and discussion about nexus challenges;
• Fostered online awareness and debate, through our website and social media;
• Developed insights into tools and methodologies for nexus thinking and practice;
• Pump-primed and supported nexus-related research through a flexible small grants programme and fellowship scheme;
• Worked with businesses and policymakers to support them to address nexus interdependencies, opportunities and impacts;
• Built capacity in the UK research system for future investments in nexus-related economic, environmental and sustainability research;
• Provided strategic advice to ESRC, RCUK and other funding bodies. As the international community moves towards implementation of the UN's Global Goals, the provision of evidence and analysis across the food-water-energy nexus is vital. In the past three years, the Nexus Network has invested over £700,000 in a series of pilot projects, which together demonstrate the huge contribution that UK social science has to offer to these agendas. By prioritising work that spans disciplinary and sectoral boundaries, I hope that we've helped researchers, policymakers, businesses and civil society to navigate the nexus more intelligently.
Professor James Wilsdon, Director, The Nexus Network There's a paradox inherent in transdisciplinary research, as its strength lies in gathering a diverse group of perspectives and players, but these must then be aligned towards common goals and research outcomes. In the places and the spaces where I walk and work, infrastructure for water, energy, food, waste -as well as land -are highly political, politicised and contested…They may necessarily benefi t from a more critical and sociopolitical understanding and framing. Many at the workshop felt that more capacity needs to be built for transdisciplinary research. This means broadening undergraduate education and the PhD experience, and enabling more established researchers to develop boundary-crossing skills. Working in this way may be inherently uncomfortable for researchers who have come through a single-discipline background, and support mechanisms need to be improved. This is partly a matter of funding but also of mentoring, personal support, and building career routes for transdisciplinary researchers. A full report of the workshop, by science writer Martin Ince, is available here: www.thenexusnetwork.org/wp-content/uploads/2015/09/Transdisciplinary-Nexus-Methods-Workshop-fi nal-
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Methodologies for nexus thinking and practice
Participants at the Nexus workshop on transdisciplinary methods, June 2015
A core strand of efforts to build capacity for transdisciplinary nexus research was our small grants programme. Over three years, the Nexus Network awarded grants totalling more than £700,000 to twenty-seven project teams across the UK. These ranged in size from £5,000 to £150,000. The programme awarded progressively larger grants in three waves.
• Our fi rst call -which made twelve micro-awards of up to £5,000 -was for individuals and teams to produce think-pieces that scoped and defi ned nexus challenges and opportunities.
• Our second call -which made six awards of up to £20,000 -supported teams to develop networks and co-design nexus research agendas.
• Our fi nal call -which provided fi ve awards of between £50,000 and £150,000 -was to support pilot research projects.
• In addition, we were able to fund two nexus fellowships for outstanding early career researchers.
The methodological and conceptual diversity of the work funded through the small grants programme highlights that the nexus is a fertile framework for stimulating cross-disciplinary collaborations. It also suggests that "nexus approaches", which focus on connections and synergies between systems, sectors and resources, may have value beyond a focus on food, energy and water. It is only by learning from others outside academia and adopting transdisciplinary approaches that we can get a clear sense of the real world applicability of our work. 
Biomass fuel at the nexus in urban Ghana
Policy initiatives have tended to take a siloed approach to the problems arising from use of biomass, targeting 'clean energy' from specifi c artefacts (e.g. improved cookstoves)...The challenge is to put biomass fuel at the nexus with food, waste, the environment, and most of all, with people and practices.
Dr. Sujatha Raman

Michael Pollack on Flickr
Understanding the land-water-food nexus in north-west Kenya There is increasing need for localised and grounded research to achieve a fuller understanding of the interconnections between local cultural and environmental resilience dynamics. Although there are 'legitimate concerns that co-operation with business could compromise independence or resemble consultancy rather than fundamental research... neither need be the case. Companies need sound, multidisciplinary, long term research engagement to address the dilemma of managing the foodenergy-water-environment nexus while maintaining bottom line and competitive performance. 
Professor Dame Henrietta Moore
Dr Jake Reynolds, Cambridge Institute for Sustainability Leadership
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This report highlights the benefi ts of co-design between the private sector and researchers by using a collaborative approach to shape research priorities that will inform policy and innovation. 
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Refl ections from a multidisciplinary team Our key learning from the Nexus Network is that transdisciplinary research (conceived and implemented with -as opposed to for -its users) is our preferred approach.
Dr. Jake Reynolds and Dr. Gemma Cranston As researchers focussing on the global south, we were initially rather wary of the 'nexus'. or people dedicated to the pursuit of breakthrough ideas, the UK's research community can be surprisingly conservative. There is a tendency to favour incremental tweaks over radical upheaval of the policies and structures for funding and collaboration. Disruptive change seems to occur no more than once-in-a-generation.
University of East
So in 1965, the Science and Technology Act established the procedures for creating research councils, as a contribution to Harold Wilson's ambitions for the "white heat of the scientifi c and technological revolution." In 1993, William Waldegrave as science minister published his "Realising our Potential" white paper, which called for a new partnership between public and private research, and the establishment of six new research councils.
And we are now in a moment of equivalentperhaps greater -change. The Higher Education and Research Bill -currently making its way through Parliament -will draw all seven research councils, Innovate UK and HEFCE's quality-related funding under the new strategic umbrella of UK Research and Innovation (UKRI).
This nine-headed hydra will formally spring into life in April 2018. But detailed work is already underway to ensure that it delivers the step change in UK research and innovation performance that Sir John Kingman, inaugural chair of UKRI, and Sir Mark Walport, its recently appointed chief executive, have promised.
Collaboration and cross-disciplinarity are at the heart of the vision for UKRI, which is accompanied by six objectives:
• a greater focus on cross-cutting issues that are outside the core remits of the current funding bodies, such as multi-and interdisciplinary research;
• a strengthened, unifi ed voice for the UK's research and innovation system;
• improved collaboration between the research base, business and the commercialisation of discoveries;
• better mechanisms for the sharing of expertise and best practice -for example, around management of major projects and large capital investment;
• more time for research leaders to focus on strategic leadership through the centralisation of back and middle offi ce functions; and
• improved quality of evidence on the UK's research and innovation landscape through the pooling of multiple datasets.
UKRI will also oversee the Global Challenges Research Fund, which will invest £1.5 billion into development-linked research by 2020; and the new Industrial Strategy Challenge Fund (ISCF) for collaborative research to support innovation, productivity and priority technologies.
The challenge-led approach of GCRF and ISCF, and the ambition for strategic coordination through UKRI, are well suited to cross-cutting issues like the food-water-energy nexus. And it is not only the nexus that will benefi t from greater investment: links across human health, urbanisation, land use and biodiversity are equally important.
To date, much of the discussion about UKRI and the new challenge-directed funding schemes has been characterised by an enthusiastic, yet still- As the Nexus Network has shown, transdisciplinary research takes us out of our theoretical and methodological comfort zones, and highlights the diversity of ways to understand problems. Getting users involved as coproducers in the design of research projects can further expand our horizons, and ensure the uptake, relevance and impact of our research.
What specific lessons have we drawn from the Nexus Network that could assist ESRC and UKRI during this period of transition?
Creating spaces for transdisciplinary engagement
• The flexible terminology of "the nexus" is useful as a convening mechanism to link disparate disciplines and perspectives, and highlight interconnections;
• Facilitating transdisciplinary engagement is often messy, expensive, and takes time. End points may not be as envisaged at the outset. It requires patient, flexible investment;
• Creating spaces and trading zones for engagement is crucial for transdisciplinary conversations and collaborations;
• Thematic events are a fruitful way of garnering interest in an event from a wide range of people beyond academia. However, incentives to attend such events are limited for many stakeholders, unless such events are linked to clear outcomes (e.g. policy, business or research funding impact);
• Innovative formats for events should be encouraged in order to stimulate creative thinking and diminish the hierarchies or boardroom dynamics that can be associated with more traditional formats.
Methods, skills and capacity building
• "Nexus-thinking" may have utility beyond food, energy and water. However there is a danger that a buzzword of this sort is able to obscure or "render technical" issues, which are at their core, social and political, rather than technical and managerial. To avoid this pitfall, it is important that critical approaches are supported, which highlight the political nature of these challenges; 
Funding transdisciplinary research
• There is a clear demand for smaller, flexible grants of £5K-150k (currently a gap in UK research council funding). This is especially crucial for early-career researchers;
• Flexibility in grant giving is key to supporting creative approaches -e.g. funding nontraditional partners (such as NGOs) or awarding short fellowships to support work that doesn't fit into a conventional project model;
• It is important to provide funding for the processes of co-design of research: putting together bids is complex and time-consuming, particularly if non-academic partners are involved;
• Efforts to bridge disciplines & sectors require trust. This takes time to build, and patient investment is needed if relationships are to be incentivised and sustained.
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Conclusions and lessons for ESRC, UKRI and the research community
Engaging stakeholders in transdisciplinary research
• Business participation in transdisciplinary research remains unusual: academics do not necessarily have the networks nor the experience to work productively with time-poor executives;
• One starting point is to bring business practitioners and researchers together to codesign research questions, and agree priorities and ways of working together (as we did with the Nexus2020 project);
• Placing the user at the heart of the research process can give researchers the opportunity to study fundamental questions while delivering nearer-term value to companies or policymakers;
• User-centric multidisciplinary research has the potential to infl uence policy, business practices, and in some cases commercial strategy, with positive effects on nexus challenges.
Brokers and boundary-spanners
Working in these new ways isn't easy. These issues need more discussion as UKRI moves from an idealised blueprint to an operational reality. More creative experiments -of which the Nexus Network is one example -will be required.
And focus needs to turn to the people who can make collaborations work; and the skills, training and capacity that they will need.
Some of these people are researchers in universities; others work in knowledge exchange, or in funding agencies. More will be found in the businesses, public bodies and NGOs that academics need to partner with, if the UK is succeed in scaling up the volume and intensity of its collaborative, problem-oriented research and innovation. All of them are brokers and boundaryspanners: the T-shaped people on which the success of UKRI -and our capacity to navigate the nexus -will ultimately rest. 
